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S U M M A R Y
Objectives: To evaluate the rate of HIV seroconversion and the related risk factors among HIV discordant
couples in Hubei Province, China.
Methods: HIV seroconversion rates and associated factors in discordant couples were identiﬁed during
2010–2012, based on existing data collected in serological and behavioral surveys between 2005 and
2007.
Results: At baseline, HIV transmission had occurred in 505 out of 1258 couples and the annual rate of HIV
transmission was 6.3% in the absence of an intervention (40.14% after HIV exposure for 6.4 years). Five
out of 753 discordant couples were found to have seroconverted during the 5-year follow-up observation
after the implementation of interventions. Factors independently associated with HIV seroconversion
included an HIV viral load >1000 copies/ml (odds ratio (OR) 18.706, 95% conﬁdence interval (CI) 1.577–
221.926), the index partner being on antiretroviral therapy (OR 0.019, 95% CI 0.002–0.180), and condom
use in the past 6 months (OR 0.194, 95% CI 0.021–0.795).
Conclusions: HIV-negative partners in serodiscordant couples were at risk of HIV infection if the index
partner did not receive any intervention. It is strongly advised that existing interventions are used, such
as couples consultations, condom use, and antiretroviral treatment, to minimize the risk of HIV
transmission.
 2015 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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HIV-negative partners in a steady HIV serodiscordant partner-
ship, deﬁned as one partner who is HIV-positive and the other who
is HIV-negative, are at risk of acquiring HIV. If the HIV-positive
partner in the relationship is not in receipt of antiretroviral therapy
(ART) or the couple has not received education on safe sexual
intercourse, the rate of HIV transmission between spouses can be
high, ranging from 2.0% to 8.9% per year.1 In China, once the index
partner is conﬁrmed to have an HIV infection, a series of
interventional measures are implemented by health professionals
in the local centers for disease control and prevention (CDC), such§ Contributors Rong-rong Yang and Xien Gui devised the study, advised on data
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license (http://creativecommons.org/licenses/by-nc-nd/4.0/).as HIV counseling and testing, free supply of condoms, and ART.
The beneﬁcial role of ART in the reduction of HIV viral load and
thereby the prevention of HIV transmission in serodiscordant
couples has been suggested in several observational studies.2–11
An assessment of the effect of this treatment-as-prevention
approach and safe sexual intercourse education on HIV transmis-
sion in serodiscordant couples in China is urgently needed.
Therefore the aim of this study was to analyze the risk factors
related to HIV seroconversion and to assess the role of safe sexual
intercourse education and the effect of ART on HIV transmission in
serodiscordant couples.
2. Methods
2.1. Patients
In this study, serodiscordant couples were those that met the
following criteria: (1) a marriage relationship protected by China’s
marriage law; (2) a normal sexual relationship before one party
was diagnosed with HIV infection; (3) the HIV-positive party had
acquired HIV through practicing high-risk behaviors, such asciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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blood/plasma transfusion, or was a former paid blood donor in
China in the 1990s; (4) aside from HIV acquisition within the
marriage, other high-risk behaviors for acquiring an HIV infection
were excluded by the HIV-negative party at baseline.
During 2005–2007, the data of 1761 HIV-positive patients and
their spouses were collected; 503 couples were subsequently
excluded from the study due to a failure to meet the selection
criteria. The HIV status of both partners and the direction of
HIV transmission were known for the remaining 1258 couples at
the time when the index partner was conﬁrmed to have an HIV
infection; among these 1258 couples, 505 were HIV seroconcor-
dant and were therefore excluded from the study. The remaining
753 couples who met the pre-deﬁned selection criteria were
followed-up for 5 years. The study design is summarized in
Figure 1.
2.2. Study design and procedures
No intervention measures were taken during the years 2005–
2007 because the study enrollees had a low awareness of their HIV
infection status or that of their partners. During 2007–2012, after
the enrollees had been informed of their HIV infection status by the
local CDC, those index partners whose CD4 count was <200 cells/
ml12 received a biological intervention (ART with standard three-
drug therapy) and behavioral interventions (HIV counseling and
testing, free condom supply); those who had CD4 counts >2001761 Married HIV-po sitive individuals
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Figure 1. Studcells/ml or who were less willing to take medications, received
the behavioral interventions only.
A total of 1258 enrolled couples were divided into serocon-
cordant (505 couples) and serodiscordant (753 couples) cohorts
according to the HIV test results of the spouses of the HIV index
partners. During 2007–2012, anti-HIV antibody was tested every
6 months for the 753 spouses in the serodiscordant cohort.
Information on socio-demographic and behavioral factors (age,
sex, level of education, occupation, route of HIV infection,
frequency of marital sexual contact, condom use, and provision
of counseling advice) and biological factors (CD4 count, plasma
viral load, use of ART) was collected independently by two health
specialists. HIV prevalence and factors associated with HIV
seroconversion were analyzed.
2.3. Time of HIV acquisition and the date of HIV seroconversion
In central China, HIV-related commercial plasma donation and
transfusion through illegal blood and plasma donation stations
existed between 1993 and 1996. Hence, those index partners
who had acquired HIV through blood had a deﬁnite time of
HIV acquisition. For those index partners who had acquired HIV
through heterosexual intercourse, the time of HIV acquisition
was calculated according to the time at which the high-risk
sexual intercourse occurred. The date of HIV seroconversion was
estimated as the midpoint between the last negative and ﬁrst
positive test date. 
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HIV infection was determined using two ELISA tests and
was further conﬁrmed by Western blot in the case of ﬁrst-time
positives or discordant ELISA results.
2.5. Ethics statement
The study was approved by the Ethics Committee of Zhongnan
Hospital of Wuhan University. Informed consent was obtained
from all patients for the collection of demographic data and
plasma samples. All experiments were performed in accordance
with the ethical standards laid down in the Declaration of
Helsinki.
2.6. Statistical analysis
Baseline characteristics were summarized with the median
and interquartile range (IQR) for continuous variables and with
proportions for categorical variables. Fisher’s two-tailed exact test
and the Chi-square test were used to compare qualitative data.
Univariate and stepwise multivariate logistic regression models
were used to analyze all variables as potential predictors of HIV
seroconversion. All variables with a p-value of <0.10 in the
univariate logistic regression models were considered for inclusion
in the multivariate logistic regression model. Odds ratios (OR)
and 95% conﬁdence intervals (95% CI) were calculated for each
covariate. Statistical analyses were performed using SPSS version
17.0 software (SPSS Inc., Chicago, IL, USA) according to Cohen
et al.11 All tests were two-tailed, with a probability value of 0.05 set
as the statistical signiﬁcance level.
3. Results
3.1. Baseline characteristics of the index patient (HIV-positive
partner)
Participants in the HIV seroconversion group and HIV sustained
negative group were similar in gender proportion, median age,
time of HIV acquisition, educational status, route of HIV infection
proportions, median CD4 cell count, and median HIV viral load. The
baseline characteristics of the index patients are summarized in
Table 1.Table 1
Baseline characteristics of the index patient (HIV-positive partner)
HIV serocon
No (n = 748
Male, n (%) 273 (36.5)
Median age, years (IQR) 40.5 (26.7–
Median gap in age between couples, years (IQR) 2.3 (1.2–5
HIV acquisition time, years (IQR) 11.4 (5.8–1
Education, n (%)
No schooling 75 (10.0) 
Primary school 254 (34.0) 
Secondary school 314 (42.0) 
Post secondary school 105 (14.0) 
Occupation, n (%)
Farmer 524 (70.1) 
Other 224 (30.0) 
Route of HIV infection, n (%)
Blood or plasma transfusion 230 (30.7) 
Paid blood donation 106 (14.2)
Heterosexual intercourse 412 (55.1)
Median CD4 cell count, per ml (IQR) 200 (102–2
HIV viral load, log10 copies/ml (IQR) 3.25 (1.30–
IQR, interquartile range.3.2. Factors associated with HIV seroconversion
On the basis of the analyses, we identiﬁed the following risk
factors as being independently associated with HIV seroconver-
sion: an HIV viral load >1000 copies/ml in the positive partner (OR
18.706, 95% CI 1.577–221.926), the index partner being on ART (OR
0.019, 95% CI 0.002–0.180), and condom use in the past 6 months
(OR 0.194, 95% CI 0.021–0.795). The results are shown in Table 2.
3.3. The inﬂuence of safe sexual intercourse education and ART on HIV
transmission in discordant couples
At baseline, HIV transmission had occurred in 505 out of
1258 couples and the annual rate of HIV transmission was 6.3%
before the implementation of interventions (40.14% after HIV
exposure for 6.4 years). Five seroconversions occurred in the
753 discordant couples during the 5-year follow-up observation
after the implementation of interventions. Among these, the
prevalence of HIV transmission rate was 9.68% after the behavioral
intervention, which decreased to 0.28% after combined behavioral
and biological interventions. The results are shown in Table 3.
3.4. The time of HIV seroconversion
With respect to the duration of follow-up, ART treatment
was signiﬁcantly protective in the ﬁrst, second, and ﬁfth years of
follow-up. In the third and fourth years, zero seroconversions were
observed for both the ART group and ART-naı¨ve group (Table 4).
4. Discussion
Our data show three major ﬁndings. First, HIV-negative
partners in serodiscordant couples were at risk of HIV infection.
Without any intervention, the annual rate of HIV transmission was
6.3% (40.14% after HIV exposure for 6.4 years). Second, biological
factors independently associated with HIV seroconversion were an
HIV viral load >1000 copies/ml in the positive partner and the
index partner being ART-naı¨ve. Moreover, behavioral factors
independently associated with HIV seroconversion included
infrequent condom use during the past 6 months. Third, safe
sexual intercourse education and ART for the index partner could
reduce the risk of transmission between spouses, which also
showed that ART may play a major part in HIV prevention efforts.version of the index partner’s spouse p-Value
) Yes (n = 5)
 2 (40.0) 0.871
52.1) 38.6 (26.5–45.2) 0.401
.2) 2.2 (1.2–3.2) 0.526
5.8) 11.4 (4.9–15.2) 0.633
0 (0) 0.456
1 (20.0) 0.511
3 (60.0) 0.416
1 (20.0) 0.702
4 (80.0) 0.628
1 (20.0)
2 (40.0) 0.655
 1 (20.0) 0.710
 2 (40.0) 0.499
38) 134 (96–263) 0.522
5.71) 4.05 (3.07–4.75) 0.233
Table 2
Risk factors associated with HIV seroconversion and transmission in serodiscordant couples
Number
observed
HIV
seroconversion
number
Prevalence of HIV
seroconversion,
rate (%)
p-Value Univariate,
OR (95% CI)
p-Value Multivariate,
OR (95% CI)
Sex 0.871 1.160 (0.193–6.985)
Male 275 2 0.73
Female 478 3 0.63
Age, years 0.051 8.952 (0.995–80.536) 0.346 3.287 (0.276–39.100)
<45 520 4 0.77
45 233 1 0.43
Education 0.705 1.531 (0.169–13.831)
Below secondary school 647 4 0.62
Post secondary school 106 1 0.94
Occupation 0.632 0.585 (0.065–5.262)
Farmer 528 4 0.76
Other 225 1 0.44
Route of HIV infection 0.506 1.839 (0.306–11.071)
Blood/plasma transfusion
or paid blood donation
339 3 0.88
Heterosexual intercourse 414 2 0.48
ART received 0.001 0.026 (0.004–0.161) 0.001 0.019 (0.002–0.180)
No 31 3 9.68
Yes 722 2 0.28
Last CD4 cell count, per mla 0.274 0.294 (0.033–2.639)
<186 356 4 1.12
186 335 1 0.30
Missing data 62 0
Last HIV viral load, copies/ml 0.014 15.65 (1.735–141.143) 0.020 18.706 (1.577–221.926)
<ULNb 336 0 0
20–999 200 0 0
1000 142 5 3.52
Missing data 75 0
Frequency of the marital sexual
contact in the past 6 months
(times/month)
0.689 0.638 (0.071–5.768)
4 98 1 1.02
1–4 605 4 0.66
Missing data 50 0
Use of condom in the past 6 months 0.020 0.118 (0.019–0.714) 0.017 0.194 (0.021–0.795)
Seldom 108 3 2.78
Sometimes or always 596 2 0.34
Missing data 49 0
OR, odds ratio; CI, conﬁdence interval; ART, antiretroviral therapy.
a The median CD4 cell count was 186/ml, and the interquartile range was 98–223/ml.
b ULN: upper limit of normal; 20 copies/ml in this study.
Table 3
The inﬂuence of safety education on sexual intercourse (behavioral intervention) and ART (biological intervention) on HIV transmission in discordant couples
Seroconversions Number observed HIV acquisition
time, years
Prevalence of HIV
transmission, rate (%)a
Pre-intervention 505 1258 6.4 40.14 (a)
Post-intervention
Behavioral intervention 3 31 11.4 9.68 (b)
Behavioral + biological intervention 2 722 11.4 0.28 (c)
a (a) vs. (b), Chi-square = 11.760, p = 0.001; (b) vs. (c), Chi-square = 39.821, p < 0.001.
Table 4
Comparison of seroconversion rates by duration of follow-up of the index patient (HIV-positive partner)
On treatment Treatment-naı¨ve p-Value
Seroconversions Number observed Seroconversions Number observed
Duration of follow-up
1 year 1 722 1 31 0.001
>1 to 2 years 1 721 1 30 0.001
>2 to 3 years 0 721 0 29 -
>3 to 4 years 0 721 0 29 -
>4 to 5 years 0 720 1 29 0.001
Total 2 722 3 31 0.001
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which may reﬂect the natural history of infection among
serodiscordant couples. According to a systematic review and
meta-analysis, the overall HIV prevalence rate among discordant
couples in China is 11.5%.13 In a meta-analysis in which the data
were stratiﬁed by region in China,13 Henan Province, where HIV
transmission occurred mostly through blood transfusion, showed
an HIV prevalence rate of 3.9%. However, Yunnan Province, where
the HIV acquisition route was mainly intravenous drug use,
showed an HIV prevalence rate of 17.0%.13 These data suggest that
the route of HIV acquisition might inﬂuence the HIV transmission
rate between couples. In our study, more than half of the index
patients had acquired HIV through heterosexual intercourse. This
fact may partly explain the different HIV transmission rates in
different regions of China. In addition, the different time of HIV
acquisition is another cause for the inconsistent results.
During the 5-year follow-up observation, HIV seroconversion
occurred in only ﬁve out of 753 discordant couples, which was
much lower than the overall HIV transmission rate prior to the
interventions. During the early period (1990–1994), there was low
awareness of the case’s or their partner’s HIV status. Consultations
and advice, e.g. on the use of condoms in the context of a
serodiscordant partnership, was also not widely available.14 As a
consequence, little was done to prevent HIV transmission between
couples. In recent years, consultations and testing for HIV, condom
use, the treatment of opportunistic infections, and ART have
become increasingly available and are likely to explain the
reduction in seroconversion rates.
The HPTN 052 randomized controlled trial has provided gold-
standard evidence of the efﬁcacy of ART for reducing the risk of
HIV-1 transmission, reporting a 96% reduction in linked HIV-1
transmission events within stable heterosexual couples.11 One
systematic review and meta-analysis of per-partner HIV-1
infectiousness included the majority of the published prospective
studies on discordant couples and identiﬁed a 91% reduction (95%
CI 79–96%) in infectiousness with ART use by the index case from
ART-stratiﬁed observational studies.15 Another study found that
an HIV-uninfected individual living in a community with high ART
coverage (30–40% of all HIV-infected individuals on ART) was 38%
less likely to acquire HIV than someone living in a community
where ART coverage was low (<10% of all HIV-infected individuals
on ART).16 The results of the present study showed that an ART-
naı¨ve index partner was independently associated with HIV
seroconversion and that ART can reduce the risk of transmission
between spouses; this also shows that ART substantially reduces
HIV-1 infectiousness within discordant couples and may play a
major part in HIV-1 prevention efforts.
However, among the patients on ART, seroconversion events
still occurred in HIV-negative spouses during 5 years of follow-up.
In 2009, Attia et al.9 reviewed ﬁve cohorts reporting HIV-1
transmission rates among heterosexual discordant couples with
ART-treated index cases, and found that no transmission events
occurred in patients who were treated with ART or who manifested
viral loads <400 copies/ml. Resistance to ART17,18 and the level of
compliance are important factors that might contribute to the
difference between the two results. Additional estimates of ART
effectiveness by adherence level in the real-life setting should not
be ignored, especially for persons starting treatment early without
symptoms and persons who have been on treatment for a long
time. For HIV/AIDS patients who have had a conﬁrmed HIV
infection for a relatively long time, safe intercourse awareness
between couples should be continued and strengthened by the
medical workers in the later years. Strengthening medication
compliance can reduce the risk of resistance to ART, and this would
provide an opportunity for risk reduction and prevention of HIV
seroconversion in serodiscordant couples.This study has a few limitations. First, it was difﬁcult to analyze
the seroconversion rates with the duration of follow-up in this
study, since only ﬁve seroconversions were observed. Second, the
Chinese national treatment criteria CD4 count cut-off was
increased from 200 to 350 cells/ml in June 2012. However, all
patients in this study started ART before June 2012. Thus we could
not compare the inﬂuence of HIV seroconversion rates by different
timeframes of ART initiation. Third, since the patients on treatment
had much lower baseline CD4 cell counts as compared to the
treatment-naı¨ve patients, the protective effect seen in our study
might be a low estimate of the efﬁcacy of the treatment-as-
prevention approach. Fourth, we did not have data on sexually
transmitted diseases. Lastly, self-reported data on sexual behavior
are often inaccurate because of recall and social-desirability bias.
However, the above information was obtained from the enrollees
only in the past 6 months and therefore the data obtained most
recently could reﬂect the inﬂuence of these factors on HIV
seroconversion to a certain extent.
In conclusion, HIV-negative partners in serodiscordant couples
are at risk of HIV infection, especially those whose partners have a
high viral load and are not on ART. Before ART becomes available,
there should be continued emphasis on couples counseling and
testing, and HIV serodiscordant couples should be strongly advised
to use the existing interventions (such as condom use) to minimize
the risk of HIV transmission.
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